The LHC measurements of the differential cross section of the Drell-Yan process is used to constrain the noncommutative space-time (NCST) phase space. A χ 2 method is utilized to exclude the part of the parameters space which is not consistent with the LHC measurements. Depending on other NCST parameters, the scale can be pushed up to Λ N C > 655 GeV. The effect of other parameters is also investigated. To our knowledge, it is the first time that a detailed statistical analysis is performed to compare the NCST results with the Hadron Collider measurements.
I. INTRODUCTION
After the success of LHC to discover the last particle of the Standard Model (SM) puzzle, looking for possible signature of new physics beyond SM using the exact measurement of physical phenomena is put on the program. However no signal from new physics has been observed, so strong constraints are introduced by the LHC data [1] [2] [3] [4] [5] [6] . The noncommutative (NC) SM is one of extensions of SM which considers the NC relation between the space-time coordinates and could be tested in LHC.
However the preliminary idea of noncommutativity dates back to Heisenberg, with motivation coming from the string theory, the possibility of NC space-time (NCST) has received a great deal of attention. Since SM is supposed to be an effective low energy theory which has succeeded to describe the low energy experiments in the nature and the string theory is a considerable theory in the Planck scale, NCST, as a theory which contains both aspects, ought to be valid in intermediate energies.
The NCST leads to a commutation relation between space-time operators
where the hatted quantities are the NC coordinates and θ µν is a constant, real, antisymmetric tensor, called NC parameter, which has the dimension of [mass] −2 . In Eq. (1) , Λ N C is the energy scale of NCST and C µν is a dimensionless electromagnetic field strength like tensor.
A simple way to NC field theory is the Weyl-Moyal star product [7, 8] :
Substituting star product for usual multiplication between conventional fields will lead to NC field theory. This mechanism makes some difficulties such as charge quantization [9, 10] and definition of gauge group tensor product [11] . To solve these problems, two approaches are assumed. The first one is built from a U (n) gauge group which is larger than the SM one and it reduces to the SM gauge group using two Higgs mechanism [12] . The Seiberg-Witten map [13] is the second approach which has the gauge group like the SM one and the NC fields are expanded in terms of the commutative fields [14] .
In both approaches, existing vertices receive corrections in the leading and higher order of NC parameter θ µν . Moreover, usually SM forbidden interactions such as triple neutral gauge boson couplings (γgg, Zγγ, Zgg and γγγ) are allowed in NCST. The range of all coupling constant values, has been completely computed in [15, 16] .
In a substantial number of articles, the phenomenological aspects of NCST have been studied to find possible experimental indications and/or estimate bounds on the theory from the experimental data in both approaches. These experiments include the low energy as well as the high energy collider experiments and the astrophysical events. with the LEP data [20] . Using distributions of the photon angle, a lower limit on the energy scale Λ N C of 141 GeV at the 95% confidence level is extracted which is much smaller than the scale of the future high energy e − e + colliders. This is the only analysis that uses the experimental data from the colliders to constrain the NC scale.
The production cross section of the t-channel single top quark at LHC is studied in NCST [21] . The authors constrain Λ N C by using the predicted experimental precision on spin correlation. Studying the production of neutral vector bosons Zγ at LHC, under some conservative assumptions, has suggested the physical scale Λ N C 1 TeV to observe the effect of NC nature of the space-time [22] . Also according to pair production of charged gauge bosons at LHC, it is predicted that the azimuthal oscillation is visible for Λ N C = 700 GeV [23] .
The di-lepton final state of the Drell-Yan (DY) processes from pp/pp collisions are appropriate channels to test new physics in the light of clearness of these channels. We study the NCST effect on the cross section of di-leptons to constrain the NC parameters space using the LHC data. This process has been investigated in NCST in Ref [24] .
The effect of NCST on the proton structure functions at electron-proton colliders has also been studied [25] . The obtained results for the improved proton structure function are in better compatibility with the available experimental data rather than the results coming from the normal parametrization models, especially at the high energy region, for the NC scale Λ N C 0.4 TeV.
In this paper, we concentrate on the DY processes in the LHC experiments to determine the allowed parameters space of NCST. To accomplish it, we will utilize the LHC data in √ s = 7, 8 TeV. The structure of the paper is as follows: In Sec. II we discuss the DY processes in NCST. The experimental data is presented in Sec. III. In Sec. IV the method and results of the analysis are presented. Finally, Sec. V summarizes the paper.
II. DRELL-YAN PROCESSES IN NCST
The DY processes involve the production of lepton pairs which have been measured precisely in hadronic collisions. Duo to large event rates and its clean final state, which stands out from colour charges, the DY processes are of great importance to search for new physics beyond SM. Measurements of the production rates and masses of W and Z bosons, test of parton model ideas, determining the parton distributions inside a nucleon, discovering or limiting new physics involving heavier particles similar to the W and Z bosons are part of DY applications through the recent five decades.
In SM, lepton pairs are produced from quark-antiquark pair annihilation of initial protons mediated by vector gauge bosons:
According to the triple neutral gauge boson couplings in NCST, there are additional channels to produce the final state lepton pairs in this theory as:
The photon-gluon and Z-gluon couplings are indicated by K γgg and K Zgg respectively, and their definitions have been shown in Ref [15, 16] . The couplings are not independent, K Zgg = − tan θ w K γgg , where θ w is the Weinberg angle, and below only the variation of K Zgg is considered.
The cross section of the DY process is calculated by convolution of the modified vertices and the newly introduced ones by NCST in Ref. [24] . Apart from the 7 TeV analysis of the CMS experiment which uses the mass range 60-120 GeV, as the Z peak and reports the cross section normalized to the Z peak region, other measurements are the absolute values, without normalization. For the ATLAS result, due to the different binning that they have used, the mass range, 66-116 GeV is used as the Z peak region. The results are reported for dimuon and dielectron channels and also their combination. This analysis uses the latter results. The measurements are reported after correcting to the full phase space and easily can be compared to the output of our calculation without any need to consider the detector effects.
IV. ANALYSIS AND RESULTS
The matrix elements and spin-averaged squared amplitudes of DY process when the NCST interactions are also considered, can be found in Ref. [24] . A C++ program is written to implement this squared amplitude and integrate over the phase space and the proton parton distribution functions (PDF). The CTEQ5L PDF is employed throughout the analysis when the Q 2 is set to the square of the Z boson mass (Q 2 = 91 2 GeV 2 ). The matrix element is in LO of QCD calculations so the cross section does not include the higher order corrections and difference with the measured cross section is expected. Fortunately, the shape of the differential cross section as a function of the dilepton invariant mass is consistent with the measured spectrum in the experiments. For the normalization, the Z peak region is used and the calculated cross section is scaled to have the same integral in the Z peak region in both calculated and measured cross sections. A χ 2 is defined to test the consistency of two distributions.
The . Some deviation also exist in the Z peak region, but since we use this region for normalization, it can not be used as the signal region. The number of bins which sets NDF, is 29. When the pure SM is considered, the χ 2 is 26.53 and its probability is above 60%.
It confirms that the calculated cross section is consistent with the measured cross section within the uncertainties. To find the part of the NCST phase space which is inconsistent with data, the NCST parameters are changed and the cross section is calculated. Then χ 2 is examined, if the χ 2 probability is less than 5%, that part of the phase space is considered to be inconsistent with data and it is excluded at 95% confidence level. The statistical method follows the prescription of Ref. [30] . In Fig. 2 changing. For Λ N C < 655 GeV, the probability is less than 5%, so we conclude that NCST scale must be greater than this value, if it is the true theory to explain the nature.
In next step, the effect of different parameters on the exclusion is investigated. In Fig.   3 the excluded NCST scale is plotted for the allowed region of K Zgg and θ . The new interactions introduced by NCST are proportional to K Zgg and cross section is related to the square of this value, so a parabolic curve is seen, when K Zgg is changing. Dependency of the scale lower limit on θ is symmetric as it is expected for a totally symmetric collider like LHC which is a pp collider. When θ is close to 0 or π, the analysis can not exclude . To investigate any correlation between these two variables, the lower limit is found when they are changing simultaneously. The result is shown in Fig. 4 . No correlation is seen between K Zgg and θ , as expected. The effect of changing φ on the lower limit is also studied, but no dependency is seen on this parameter. For all plots, the value of φ is set equal to π 2
, meaning that θ is equal to (0, 1, 0).
The main feature of NCST is the violation of the Lorentz invariance, that can be seen especially, in the azimuthal distribution around the beam direction. Figure 5 shows the normalized cross section versus the φ of the final lepton for the events with 60 < m ll < 120
GeV. For the pure SM contribution in DY process, a horizontal line with intercept of 1 is The oscillation in the azimuthal angle of the final lepton is suggested as a unique signature of the new model that can be measured at LHC or the future colliders.
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